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Fig. 33.8 Ratio of flange to hub stress. 


where S F denotes the flange-ring circumferential stress produced by the dishing 
under the axial bolt load and 5 b is made equal to the yield stress. For 2m 1, 
Eq. (33.14) is plotted in Fig. 33.8. The theoretical limits for the stress ratio are 
0.55 and 0 for zero and infinite m values, respectively. The intermediate range 
indicates clearly that the maximum circumferential stresses in the flange ring are 
always considerably smaller than the hub stresses. Conversely, the theory indicates 
that if yielding of the pipe in the vicinity of the flange is to be avoided, the flange 
ring would have to be extremely thick and therefore unacceptable for all practical 
purposes. The major conclusion drawn from this finding is that, for truly economic 
design in ductile materials, plastic deformation of the pipe in the vicinity of the 
flange ring can be permitted. The reserve of strength beyond the onset of yield 
can be quite significant. For instance, the theoretical collapse load of a beam of 
rectangular cross section is 1.5 times the load causing yield in the outer fibers, 
assuming a rigid-plastic stress-strain characteristic for the material. 


APPARENT STRESS CRITERIA 

Because there has been much discussion over the past 60 years with reference to the 
allowable stress levels, the preceding section was devoted largely to the problem of 
selecting the most rational method of analyzing hub stresses in the light of modern 
flange practice. In general, hoop stress in the flange ring or radial stress across the 
junction of the hub and the ring may also be significant, but in the majority of cases 
involving maximum axial loading on the flange, the magnitude of the longitudinal 
bending stress in the hub is the highest. In a standard flange application, the 
distributed loading consists of bolt load, gasket pressure, hydrostatic pressure of 
the flange leakage area, and the hydrostatic end force. All the loading is represented 
by an equivalent bending couple consisting of two equal and opposite loads. When 
the internal pressure is absent and a flange gasket is relatively close to the bolt 
circle, these loads can be appreciably removed from the inner and outer edges of 
the flange. Equation (33.10) corresponds to the loads which are placed sufficiently 
far from the flange edges. 



